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Abstract

New details on photochemistry @-nitrostyrene derivatives are found, using a 500 MHz NMR spectrometer, instead of the formerly
employed UV spectroscopy, where simply photo-rearrangemeg}-@-fnethyl-nitrostyrenelg, to 1-phenyl-1,2-propanedione-1-oxinde,
as well agis—transsomerization of E)-B-nitrostyrene3g, to (2)-B-nitrostyrene3;, were reported. Here, using similar conditions such as light
intensity, relative rates are found fais—transisomerization oflg to (2)-B-methyl-nitrostyrene;l; as well as novel photo-rearrangements
of: 17 to 2; 3; to 1-phenyl-1,2-ethandione-1-oximé, and 3¢ to 4. *H NMR preliminary kinetic analysis show isomerization If to 1,
occurring at a relative rate &fye =0.083 s*. Both1g and1; go through a nitro-nitrite photo-rearrangemert teith relativek,.ye =0.011 st
andk.ve=0.070s?, respectively. Under the same conditions, photo-isomerizati@z td 3, takes place at relativig.; =0.011s'. The
rates of photo-rearrangements3sfas well as3; to 4 are measured with relatile=0.025 s* andk’, =0.010 s, respectively.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction Up to date, no report on intermediacy dfz in
photo-conversion oflg to 2 has appeared. Also, photo-
B-Nitrostyrenes are important intermediates in organic rearrangements of neith&r to 2, nor3g to4 are reported. As
synthese$l]. They are used as starting materials for many afollow up to ou3-nitrostyrene mechanistic studid8-22}
classes of compound2—6]. Their photolysis has received here, new insights including relative preliminary kinetic rates

considerable attentiofi’—32] Solar irradiation of E)-p- for the involvement of the later compounds in the photochem-
methyl{3-nitrostyrene 1g, results in its geometrical isomer: istry of B-nitrostyrene derivatives are reported, using similar
(2)-B-methylB-nitrostyrene l; (Scheme lpath a)23]. conditions such as light intensitg¢heme L

Photolysis of 1g gives 1-phenyl-1,2-propanedione-1-
oxime, 2, in a quantitative yield $cheme 1 path b)[17]. )
Substituent effects on photo-rearrangemertizato 2 are re- 2. Experimental
ported by us and othef&8,24—30] We found a rather small
Hammettp of 0.7 which reflects the small sensitivity of such
nitro-nitrite photo-rearrangements to the electronic effects of
substituent$18].

The UV irradiation source employed is a Hanovia type
400 W low-pressure mercury arc lamp. Ultraviolet spectra
are recorded on a Shimadzu model UV-200. IR spectra are
determined on a Shimadzu model IR-460. NMR spectra are
performed on a 500 MHz NMR Bruker and a Jeol FT-NMR,
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Scheme 1. Photochemistry of geometrical isomer-oftrostyrenesig, 17, 3g and3;.

raphy is carried out on a Varion model 1720 with disc integra-
tor and temperature programming capability. Melting points
are measured using Gallenchamp and are uncorrected.

2.1. Syntheses

Methods of Gaired and Lappif83] and the Robertson
[34] are used for the synthesis bf and3g.

2.1.1. (E)B-MethylB-nitrostyrene 1 [18]

Yellow crystals; mp 63-64C (from EtOH);m/z 163M™*
41.7%), 162(1.8), 146(13.3), 135(10), 117(25.9), 116(45),
115(100), 106(38.3), 91(55), 77(16.7), 63(20H NMR
(CDCh) &: 2.5(3H, d, Me), 7.2-7.7(5H, m, ArH), 8.1(1H,
S); UV Amax(EtOH), 305 nMgmax 115: yield 60%.

2.1.2. (E)B-Nitrostyrene 3g [32]

Yellow crystals; mp 60-61C (from EtOH);m/z 148M*
31.7%), 117(23.9), 116(41), 115(100), 106(35.3), 91(45),
77(14.7), 63(20).'H NMR (CDCly) §: 6.8(2H, d),
7.2—=7.7(5H, m, ArH), 8.1(2H, d); UMmax(EtOH), 300 nm,
emax 115; yield 70%.

The authentic sample dfz is synthesized by the pro-
cedure of Ono et al[35]. Treatment of E)-B-methyl-
nitrostyrene 1g, with sodium benzeneselenolate, generated
in situ from diphenyl diselenide and NaBkh ethanol, fol-
lowed by protonation with acetic acid at78°C afforded
erythro-B-nitroselenide stereoselectively. Treatment ofihe
nitroselenide with HO, at 0°C resulted in the elimination
of benzeneselenic acid to givE){B-methyl{3-nitrostyrene,

1.

2.1.3. (Z2)B-MethylB-nitrostyrene 17 [23,35]

White crystals; mp 50-51C (from EtOH).'H NMR
(CDCly) §: 2.48(3H, d, Me), 7.2-7.7(5H, m, ArH), 6.6(1H,
S); UV Amax(EtOH), 270 nmgmax 104; yield 20%.

2.2. Photoproducts

A solution is prepared by dissolving 2 g i (or 17) in

hour with Nb. The ultraviolet irradiation is stopped after 3h
and the solvent removed under reduced pressure. Photolysis
mixture is separated via PTLC; white crystals are obtained.

2.2.1. 1-Phenyl-1,2-propanedione-1-oxird¢18]

White crystals; mp 173C (from EtOH); m/z 163M™
30%), 158(31), 146(13), 117(23), 116(91), 115(100),
106(33), 91(45), 77(19), 63(17).

IHNMR (CDCls) 8: 2.5(3H, d, Me), 7.1-7.5(5H, m, ArH);
yield 53%.

2.3. Preliminary kinetic studies

Upon irradiation of3g, both 3z and4 are generated and
identified by NMR.

Sample solutions are prepared by dissolving
1.2x 10%mol of 1g 1z or 3g in 0.5ml CD:Cl in
quartz NMR tubes and then degassed under argon atmo-
sphere. Irradiation are carried out using similar conditions
such as light intensity, with a low-pressure mercury lamp
by a monochromatic UV light withnax=254 nm at room
temperature. The progresses of the photochemical reactions
are monitored byH NMR spectroscopy. Changes of nitro-
olefins are measured by integration of the corresponding
starting materials, intermediates and product peaks.

2.3.1. 1-Phenyl-1,2-ethanedione-1-oxire,
'H NMR (CDCl) §: 7.2-7.7(5H, m, ArH), 9.7(1H, s).

3. Results and discussion

A serious problem with the previous works on the pho-
tochemistry of B-nitrostyrenes is the overwhelming us-
age of UV analyses, where many details were masked
[5-17] As a follow up on ourB-nitrostyrene mechanis-
tic studies[16,17] we have employed a 500 MHz NMR
in photolysis of E)-B-methyl3-nitrostyrene, 1g, (2)-B-
methyl-B-nitrostyrene,1z, (E)-B-nitrostyrene3g, and E)-

550 ml of 95% ethanol. The solution is degassed for one half B-nitrostyrene 3z (paths: a, h d and din Scheme L New
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Table 1
Ab initio calculations of torsion angles fdg, 17, 3g, and3z
11
Nel
H NO
10
4 CH,(H)
3
2
1, 3p)
Torsional angle Basis set 1 singlet 3e singlet 1 triplet 3e triplet 3z singlet 17 singlet 3z triplet 1; triplet
1-6-7-8 Sto-3G 363 000 4688 509 4532 4392 —40.31 3493
1-6-7-8 6-31G 44.10 000 3453 3367 3601 4399 4731 4861
7-8-10-12 Sto-3G 19 000 2006 —2166 2813 4415 —45.81 5487
7-8-10-12 6-31G —5.48 000 —0.95 -1121 797 4421 3281 4141
7-8-10-11 Sto-3G —17902 18000 15435 —15595 —15404 —137.81 —17644 —17699
7-8-10-11 6-31G —17420 18000 13137 —-16113 —17326 —137.68 —17934 —17217

findingsin this manuscript reveal intermediacylgin photo-
conversion oflg to 2 as well as photo-rearrangements of
17 to 1-phenyl-1,2-propanedione-1-oxini&,plus 3g to 1-
phenyl-1,2-ethandione-1-oximg, at different relative rates.

So. It was then suggested that faenethyl group distorts the
planarity of nitro-alkenyl moiety if§-methyl-nitrostyrene;
while hydrogen was not able to do such a distortion of the
planarity top-nitrostyrene. Consequently, this distortion of

Such details were not recognized before; instead, generalplanarity, enhances the>m" excitation to the extent where
statements were made to explain the steric aspects of thes¢he oximinoketone2, is formed from photo-rearrangement

reactions. For instance, on the photo-rearrangemeift- of
methyl3-nitrostyrene 1, to the ketooxime?, it was stated:
“steric features ofhe moleculavhich tend to hold the nitro-
group out of the plane of the double bond, i.e., out of con-
jugation greatly facilitate the reactiorf15]. However, no
clear reference to the geometrical isomerizatibg \(ersus
17) and/or the electronic state oftfe moleculgé (Sg ver-
sus T, etc.) was made. One may presuntkee’ molecul&
they were scrutinizing wa&g with the electronic state of

b" o
NOH
oL
H CH
5 2 .,

of B-methyl{3-nitrostyrene; while no trace dfwas detected
from the photo-rearrangement @fnitrostyrene $cheme 1
[5,15]. However, the X-ray36] and our semi-empirical cal-
culations did not show any significant difference between the
nitro-alkenyl planarity ofle compared t@g. Another word,
contrary to what was suggestgimethyl group inlg, does

not appear to “hold the nitro-group out of the plane of the
double bond, i.e., out of conjugation”, anymore than fhe
hydrogen in3g. In order to resolve this planarity dilemma,

t=50 min
Ic
t=20 mi
Irradiation 1% 1, % 20 - L B L
time (t/min) 77 %% ’ b ¢
0 1000 00 00 . . o @
5 876 124 00 s ©)ﬁ(0 &
10 65.7 343 trace l J LL o1, L =15 min
15 451 469 8.0 ‘
20 320 535 145 . ¢
25 229 522 249 ol
35 18.1 347 472 L @ :
=5
40 150 240 610 i | =5 min
45 101 179 720 a ), . c
H NO,
50 0.0 trace  100.0 2
hd}"g t=0 min
10 8 6 4 2

Fig. 1. Tracing'H NMR spectra of E)-B-methyl{3-nitrostyrenelg, photo-isomerization taZ)-B-methyl3-nitrostyrenelz, followed by photo-rearrangement

of 1z (and tracelg) to 1-phenyl-1,2-propanedione-1-oxing,
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Fig. 2. Tracing'H NMR spectra of Z)-B-methyl{3-nitrostyrene 1z, photo-rearrangement to 1-phenyl-1,2-propanedione-1-o¥me,
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Fig. 3. Changes dIg, 17 and2 during photolysis ofig as a function of irradiation times using similar conditions such as light intensity: (a) Photolysis of pure
1¢ as a function of time; (b) photoproduction bf from 1¢ followed by photo-conversion dfz to 2; (c) photoproduction of from 1;.

we carried out an ab initio survey at HF/Sto-3g, HF/6-31G
and B3LYP/6-31G levels of theory optimizindlg, 3g, 17
and3z (Table 1. Amazingly, they do not show much of dif-

to substantiate photolysis dg, an authentic sample df;
is synthesize@35] and irradiated under the same conditions
(Fig. 2). Again, the progress of photolysis bf is monitored

ference between nitro-alkenyl planarity of ground statey (S Via H NMR. All 1z is converted t®, except for its trace
of 1 versus3g. However, geometrical differences are rela- isomerization tdle.

tively more pronounced for triplets {J of 1 and3g which

were not considered before.

UV light (Amax=254 nm). Photochemical changeslgfare

Using similar conditions such as light intensitiy NMR

tracings preliminary kinetic analysis of conversidasto 17

In an attempt to solve this problem experimentally, a pure and 1z to 2 are carried olutl'\‘ig. 3. Reporting'H NMR
sample oflg [24,25]is synthesized and irradiated in ethanol, (Figs. 1 and 2, instead of3C NMR spectral resuilts, is to
using a low-pressure mercury lamp with a monochromatic avoid possible integration errors, due to nuclear Overhauser

effects (nOe)37]. Thereby, isomerization dfg to 17 oc-

monitored by a Bruker 500 MHz NMR, every 5 min, through ~ CUrs at a relative rate df.ve =0.083s. Both 1¢ and1z go

integration of the correspondirgd NMR peaks. Intensities

through a nitro-nitrite photo-rearrangemengtwith relative

of 1¢ absorption peaks: a, b and c; gradually decrease askr-me=0.011s" andk'.ye =0.070s, respectively.

a function of time Fig. 1). Simultaneously, new absorption
peaks: § b and ¢ appear which correspondig (t = 20 min).
Finally, absorptions related t& a’, b’ and ¢ (t=50min)
come to existence at the expense of disappedgrnandl;
peaks. Traces of benzaldehyd8, suggested by Matsuura et
al. [25], is clearly detected at 9.8 pprti<(40 min). In order

A pure sample o3¢ [24,25] is also synthesized and ir-
radiated under similar condition used fbg. Its 1H NMR
peaks, including a doublet at 8.05 ppmygrs-olefin), grad-
ually decrease while the doublet of newly bddp (Hcis
olefin) appears at 6.9 ppm. Meanwhile, the absorptions cor-
responding tel grow. Photo-isomerization &g to 3 takes
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Scheme 2. Revised provisional mechanism for photochemistty ahd3g [18].

OH

place at the relative rate. =0.011s1. The relative rates ~ same conditions, relative rates are also found for novel
of photo-rearrangements 8 and3; to 4 are measured with ~ photo-rearrangements dfz to 1-phenyl-1,2-propanedione-
k =0.025s1 andk,=0.010s1, respectively. 1-oxime, 2 (K-me =0.070 5); (2)-B-nitrostyrene3z, to 1-
The previously reported possible mechanism shown in phenyl-1,2-ethandione-1-oximé, (K; =0.010s); and 3¢
Scheme s now further elucidated by our results. This mech- t0 4 (k-=0.025s1). Further'H NMR preliminary kinetic
anism, while not totally substantiated yet, appears to com- analysis show a nitro-nitrite photo-rearrangemertofo 2
plete and unify ideas proposed by Chaprfileh17], Pinhey with relative ke =0.011 5. Under the same conditions,

[24], Matsuurg25], Reasoner and §8,26] photo-isomerization ofsg to 3z takes place at a relative
kiq =0.011st.
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